Quasars, which are exceptionally bright objects at the centres (or nuclei) of galaxies, are thought to be produced through the accretion of gas into disks surrounding supermassive black holes [1] [2] [3] . There is observational evidence at galactic and circumnuclear scales 4 that gas flows inwards towards accretion disks around black holes, and such an inflow has been measured at the scale of the dusty torus that surrounds the central accretion disk 5 . At even smaller scales, inflows close to an accretion disk have been suggested to explain the results of recent modelling of the response of gaseous broad emission lines to continuum variations 6, 7 . However, unambiguous observations of inflows that actually reach accretion disks have been elusive. Here we report the detection of redshifted broad absorption lines of hydrogen and helium atoms in a sample of quasars. The lines show broad ranges of Doppler velocities that extend continuously from zero to redshifts as high as about 5,000 kilometres per second. We interpret this as the inward motion of gases at velocities comparable to freefall speeds close to the black hole, constraining the fastest infalling gas to within 10,000 gravitational radii of the black hole (the gravitational radius being the gravitational constant multiplied by the object mass, divided by the speed of light squared). Extensive photoionization modelling yields a characteristic radial distance of the inflow of approximately 1,000 gravitational radii, possibly overlapping with the outer accretion disk.
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A gaseous mass that happens to intercept our line of sight towards a quasar leaves imprints of absorption lines in its spectrum 8 , and absorption lines that are redshifted relative to the quasar's systemic velocity are an unambiguous signature of inflows 9 . Cold, dense and thick gas with large velocity dispersions-as disk-feeding inflows to quasars are thought to be 5 -has historically proved difficult to probe 10, 11 . However, the situation has improved recently with the increasing detection and interpretation of two series of atomic broad absorption lines [12] [13] [14] [15] [16] [17] . One such series of lines, the hydrogen Balmer lines (or H i* Balmer lines), is characterized by hydrogen's electron transitioning from a quantum number (n) of 3 or more to a quantum number of 2 (Hα, for example, transitions from 3 to 2, and is detected at a wavelength (λ) of 6,564 Å; for Ηβ, n changes from 4 to 2 and it is detected at λ = 4,862 Å; and for Ηγ, n changes from 5 to 2 and this is detected at λ = 4,341 Å). The other series of lines involves the metastable helium multiplets, He i*, and is characterized by changes in the 3 S and 3 P electron orbitals, again reducing the quantum number from 3, 4 or 5 to 2, at wavelengths of 10,830 Å, 3,889 Å and 3,189 Å, respectively. These two series, which are insusceptible to line blending and saturation, can be analysed jointly to disentangle the local covering factor (the fraction of the background radiation source covered by gas clouds along the line of sight) and atomic column densities, making The black line shows the observed flux; the green solid line represents the unabsorbed quasar template spectrum-the suggested spectrum of the central source, before being absorbed by gas clouds-obtained by the 'pair-matching' method (see Methods); and the green dashed lines show the underlying powerlaw continuum. b, Normalized broad-absorption-line spectrum (dark grey line). The redshifted broad absorption lines are normalized to the continuum only (with the modelled emission-line flux subtracted), as they are not found to be obscuring the broad-emission-line region. By contrast, the blueshifted He i λ10,830 line is normalized using the total flux of the modelled template, as it is assumed to be fully obscuring both the continuum source and the broad-emission-line region. The cyan line represents the best-fit model of broad absorption lines, which are used to derive ion column densities from the H i* and He i* lines. (The velocity profiles of the optical depth and local covering factor for the Hα line are in Extended Data Fig. 4 .) The blue dotted-dashed lines mark the rest wavelengths for the H i* and He i* transitions. The quasar systemic redshift is determined from narrow emission lines including [O ii] (grey dotted-dashed vertical lines). Note that all of the H i* and He i* λλ3,189, 3,889 lines show largely the same velocity structure of a pure redshift, similar to that of the redshifted component of the He i* λ10,830 line (orange shading). The additional blueshifted broad-absorption-line component of He i* λ10,830 (blue shading) is also obvious in the resonant metal lines (see Fig. 2 for close-ups of the lines).
Letter reSeArCH them sensitive indicators of the geometry and physical conditions of the gaseous absorbers of interest.
From approximately 10 5 quasars with redshifts (z) lower than 1.3 that were found by the Sloan Digital Sky Survey (SDSS) 18 , we identified in eight quasars redshifted broad absorption lines of both the H i* and the He i* series. We further obtained optical and infrared spectra with high signal-to-noise ratio for one of these quasars, SDSS J103516.20 + 142200.6 (hereafter J1035 + 1422)-the archetype of the sample-and several others. The combined spectrum and the absorption lines resulting from our analysis of J1035 + 1422 are presented in Figs. 1, 2 (see Methods for the remaining seven quasars). The absorption troughs of the entire H i* and He i* λλ3,189, 3,889 lines show pure redshifts with largely the same velocity structures in the same objects. Among these eight quasars, five are 'broad-absorption-line' quasars (with line widths of more than 2,000 km s −1 or so) 8 with maximum velocities, v max , of around 3,500-5,000 km s , which are remarkable; and the remaining three are 'mini-broad-absorption-line' quasars with maximum velocities of about 1,000-1,500 km s −1 . These lines are highly Doppler-redshifted and broadened by the radially inward motion of absorbing gas that has a large velocity gradient projected along the line of sight towards the radiation source close to the central black hole. This redshift and broadening indicate that we are seeing through continuous streams of gases that are being transported inwards. The maximum velocities of the inflows are systematically larger than those resulting from stellar processes 19 , suggesting their association with the central engine. This suggestion is supported by the facts that He i* absorption-line multiplets are rarely seen in the interstellar medium of normal galaxies 20 and that absorption-line troughs intercepting stellar ejecta observed in a quasar spectrum mostly show both redshifts and blueshifts centred at the systemic velocity 13 . The radial velocity of accreting gas cannot exceed the freefall speed (v ff ) of the gas in the gravitational field of the black hole; that is, v max must be less than v ff (R), which equals the square root of 2GM • /R (from infinity; here, G is the gravitational constant, M • is the mass of the black hole and R is the radius of the black hole). We can constrain the distance of the innermost gas to the black hole (R) to be less than
, where R g is the gravitational radius and c is the speed of light. For the five bona fide broad-absorption-line quasars in our sample, we have values of R that are less than 10,000R g -well within the sphere of influence of the central black hole (which is of the order of approximately 10 6 R g ). Specifically, for J1035 + 1422, R is less than approximately 7,200R g . This upper distance limit would become even smaller if the dynamics of the absorption gas were to deviate from solely freefall motion-for example, if they were subject to a centrifugal force owing to sub-Keplerian motion and/or strong radiation pressure from the central source. Inevitably, to gain such high radial velocities, the gases must be experiencing gravitational acceleration by the black hole. The large velocity gradient suggests that the line of sight intersects a large number of streams, probably spiralling inwards at various radii across a wide span of distances. and 770 km s −1 between the two member lines of C iv, Al iii and Mg ii, respectively. The best-fit quasar composite spectrum is shown by the green dashed lines. It is obvious that the redshifted C iv trough is shallower than the blueshifted C iv trough and than the redshifted Mg ii and Hα troughs. The He i* λ3,889 line is severely blended with Hζ λ3,890, with a measured optical depth ratio of 0.7/0.3. Note that all of the H i* and He i* lines show solely redshifted absorption troughs except for He i* λ10,830, which is the strongest of the multiplets 10 . This implies a drastically distinctive physical condition of the redshifted broad-absorption-line gas from that of the blueshifted one. Unlike emission lines, which may be complicated by various effects, such as obscuration and projection, redshifted absorption lines are clean in kinematics and are a robust indication of inward motion of the absorbing gas along the line of sight 9 .
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We now present further detailed analysis of J1035 + 1422 (z = 1.2528 ± 0.0001) as a demonstration, as the quality of the data for this quasar is the best in our sample. This quasar has a mass accretion rate,  M • , of approximately 13M  yr −1 (where M  is the mass of the Sun), derived from its luminosity using the standard bolometric correction (L bol ≈ 8.1L 5, 100 ) and assuming an accretion efficiency, η, of 0.1. We estimate a size for the broad-emission-line region, R BELR , of 0.33 pc, derived from the R BELR -luminosity relation 21 , and a mass for the black hole, M • , of approximately 2 × 10 10 M  from the parameters of the reconstructed Balmer broad emission lines, with an uncertainty of around 0.5 dex (ref. 22 ). This leads to a gravitational radius, R g , of approximately 9.8 × 10 −4 pc and an Eddington ratio, L bol /L Edd , of approximately 0.03 (where L Edd is the Eddington luminosity).
We also found redshifted broad absorption lines of metal ionsincluding C iv, Al iii, Mg ii, resonant Fe ii and excited Fe ii*-in the ultraviolet part of the spectrum, with similar velocity structures to those of H i* and He i* (Fig. 2) . The anomalous suppression of the redshifted C iv absorption trough (by comparison with, for example, Hα and Mg ii) could be explained if the central ionizing radiation were filtered before illuminating the inflow gas. These metal lines also show an additional blueshifted component, as seen ubiquitously in normal broad-absorption-line quasars. A similar blueshifted component is seen in He i* λ10,830 as well. This indicates the coexistence of an outflow, naturally providing the inferred filter, along with the inflow.
From the redshifted absorption lines, we measured the local covering factor, C f (v), and the column density,
, of hydrogen atoms at the excited n = 2 level, and then of helium atoms at the highly
, as a function of velocity. To constrain the location and physical conditions of the inflow, we performed extensive photoionization simulations and compared the results with the observed absorption-line spectrum (see Methods for details). The best-fit model indicates a total hydrogen density of = . − . ( Fig. 3 ). This distance corresponds to an R IF of approximately 500−3, 300R g -broadly consistent with the upper limit mentioned above that was constrained by the simple physics of gravity and roughly 10−100 times smaller than the previously suggested innermost absorption-line inflow 5 in units of gravitational radii. It is worth noting that, large uncertainties notwithstanding, the inner inflow has an inferred radial distance comparable to the outer radius of the accretion disk, which we estimated to be from a few hundred to about 1,000 gravitational radii. We calculate the radiation pressure force exerted on the infalling gas by the central engine to be only about 1−2% of the black hole's gravity. Hence the dynamics of the inflow is dominated by the black hole.
Given these properties, our best explanation for the destiny of the inflow is as follows. The bulk of the inflow downstream would be pulled gravitationally onto the equatorial plane of the black hole (Fig. 4) . Ultimately, the mass transported therein would somehow be dumped into the outer accretion disk and/or the marginally unstable region that extends further out 3 . Assuming an axial symmetric geometry for the global inflow, we estimate from the above derived total column density a total mass flux rate,  M IF , of 15-36M  yr −1 (see Methods). This would be sufficient to power the quasar radiation luminosity observed (with an
), and probably the outflow as well. We thus consider the redshifted broad absorption lines observed in J1035 + 1422, as well as in other quasars (those with v max values of more than about 3,500 km s −1 ) in our sample, to be compelling evidence for the long-sought inflows that are feeding the disks and consequently the black holes. Our results show that the accretion disks in the quasars of our sample are being supplied with external mass transported inwards from a distant source.
Interestingly, the outer distance range of the inflow, roughly 3,300 R g , is comparable to the inner radius of the presumed dusty torus, roughly 3,100Rg, calculated from its observed luminosity 23 via the dust sublimation distance, R sub , of approximately 3.0 pc. It is likely that the inflow headstreams set off from the dusty torus-a natural reservoir of mass supply within the sphere of influence of the black hole. Part of the inflows may also originate from a highly extended disk that is suggested in some models to connect the disk and the torus 24, 25 , and which is gravitationally unstable and clumpy 23 . In both cases the inflow may be formed by gases drifting inwards from all azimuthal directions, resulting in an axially symmetric geometry for the bulk of the inflow. Such a picture is also favoured by considering the residual angular momentum of the drifting mass. This raises the interesting postulate that the existence of a dusty torus in galactic nuclei-and the processes and efficiency of redistribution of the specific angular momentum for gases therein-are essential for triggering, and determining the level of, quasar activity.
Considering the obscuring effect of the dusty torus in ultraviolet and optical spectra (Fig. 4) , the inflows discovered here might be much more common in quasars than they first appear. Such inflows, and especially their headstreams, might be explored preferentially in radio-loud quasars, by observing the molecular absorption/emission lines of molecules such as hydrogen, carbon monoxide and hydrogen cyanide 26 in the infrared, (sub)millimetre and radio wavelengths, where dust obscuration is slight or negligible. Hence the disk-feeding inflow should be considered as an indispensable component-and the last piece of the puzzle-of quasar black hole accretion. Finally, given that photons from the absorption lines have to be re-emitted eventually, it would be reasonable to hypothesize that the broad-emission-line region . The dotted arrows mark a postulated range of the outer accretion disk radius, which is taken from previously reported disk radii derived from observations of several quasars with similar estimated gravitational radii to that of J1035 + 1422, from approximately 525R g (for 3C 332) 45 to roughly 1,300R g (for 3C 390.3) 46 . The dotted line shows the parameter envelope (the 90% confidence level) inferred from models that do not consider ultraviolet Fe ii broad absorption lines. The inner surface of the dusty torus, derived as the sublimation radius R sub , is indicated for comparison by solid arrows. These results suggest that the inflow gas is dense and thick, and is largely located between the accretion disk and the presumed dusty torus (Fig. 4 ).
in quasars, whose origin is not yet clear 25 , might just be a combination of the inflow 6, 7, 27 , the outflow 28 and the outer accretion disk 27 . This hypothesis can be tested by 'reverberation mapping' of both broad emission 6, 7 and broad absorption 16 lines.
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Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. The parsec-scale inflow (grey arrows pointing towards the central black hole; positioned a few thousand gravitational radii, R g , from the black hole) is located between an accretion disk and a dusty torus. The infalling velocities of the gases (not shown) along the line of sight span from zero to as high as 5,000 km s −1 (roughly the freefall speed just beyond the outer radius of the accretion disk), indicating that the flow is being accelerated under the pull of the central supermassive black hole. A large amount of cold, dense and high-column-density gas, inferred from our absorption-line modelling, provides a direct and sufficient mass supply to feed the accretion disk. The inflow probably originates from the dusty torus, formed by materials therein that lose a substantial fraction of their angular momentum through various processes and hence fall inwards. Viewed at a modest inclination angle, the line of sight may intercept both the inflow and the outflow (shown between the red and blue bars), leaving imprints as both redshifted and blueshifted broad absorption lines that are observed in J1035 + 1422 as an example. Four representative lines are shown at the top right in their common velocity space (cyan line, Mg ii; green, C iv; pink, Hα; yellow, He i* λ10,830). The left inset shows the fraction of the corresponding ions (atomic levels) as a function of distance from the black hole.
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Methods
Diagnostic sensitivity of H i* and He i* lines at torus scales. The absorption lines in the H i* Balmer series and the metastable He i* multiplets cover very wide ranges in both wavelengths and oscillator strengths. These ranges make them good probes of the physical properties of gaseous medium, and much more powerful than the conventional resonant metal absorptions, such as C iv, Si iv and Mg ii. We can measure the residual flux, f r (λ), from an observed absorption-line spectrum. Assuming that the absorption-free flux is f 0 (λ), we obtain f r (λ) = f 0 (λ)e −τ(λ)
, where τ(λ) is the optical depth determined by how much absorbing material there is along the line of sight. The latter is often quantitatively described as the column density of the absorbing material. The optical depth at a given point in an absorption profile can often be determined in a spectrum with good data quality when the depth is within the range 0.05-3 (in this case, the corresponding normalized residual flux, e −τ(λ) , is 0.95-0.05 in the absorption trough, meaning that the line is neither too weak nor severely saturated). Thus for the Hα line at 6,564 Å, the measurable range of column density is 2.0 × 10 11 cm
, while for Hκ at 3,750 Å the measurable range is 1.9 ×
. Therefore, the Balmer series enables measurement of column density over roughly five orders of magnitude.
The He i* multiplets (for example, He i* λ2,829 to He i* λ10,830) cover the range 8.9 × 10 10 cm
the C iv λλ1,548, 1,550 doublet only covers the range 1.2 × 10 13 cm
. In Extended Data Fig. 1 , we provide a simple demonstration of the diagnostic sensitivity of the H i* Balmer and He i* absorption lines. We assume that the central black hole has a mass of M • = 10 9 M  (where M  is the mass of the Sun) and an Eddington ratio of η = 0.1. We place a slab of homogeneous absorbing gas with solar abundance at a distance d abs to the black hole that varies from 10 2 to 10 4 gravitational radii (where
, that is, roughly where the outflow is supposed to originate before reaching the dusty torus). The ionization (and the ionic column densities at the levels of interest) of the modelled gas is evaluated with the latest version of the photoionization code CLOUDY 29 . Given
and N col (He 0 2 3 S) as functions of d abs , the density n H and total column density N H of the gas, and assuming a Gaussian velocity dispersion that corresponds to a full-width at half-maximum (FWHM) of 3,000 km s
, we can estimate the optical depths at line centres, τ centre , for various transitions. As long as τ centre is between 0.05 and 3, we consider the method to be sensitive enough to measure the corresponding ionic column densities.
The coloured area in Extended Data ). Redshifted H i* and He i* line systems in quasars. Through a systematic search for H i* Balmer and He i* absorption systems in the SDSS quasar catalogue (which comprises roughly 10 5 quasars with z values of less than 1.3), we found around 50 such systems with a He i* λ3,889 absorption line and at least three Balmer absorption lines detected at a significance level of more than 3σ. Narrow-absorption-line, mini-broad-absorption-line and bona fide broad-absorption-line systems each account for around one-third of this sample; and roughly half show net-blueshifted troughs, roughly a quarter show net-redshifted troughs, and in the remaining one-quarter or so, the troughs are either unshifted or extend both bluewards and redwards. Of great interest are those systems with redshifted broad-or mini-broadabsorption-line troughs, which are candidates for inflows proximate to their central engines. In Extended Data Figs. 2, 3 , we present seven additional objects that manifest redshifted broad or mini-broad absorption lines for H i* Balmer and He i* absorptions, besides J1035 + 1422. One of the mini-broad-absorption-line systems, the H i* Balmer and He i* absorption system in J1125 + 0029, has been scrutinized and confirmed to be a parsec-scale inflow 5 , although we could not confirm whether the inflow can go further into the centre to directly feed the accretion disk around the central black hole. This is because the H i* Balmer and He i* absorption lines trace only the intermediate/low-ionization and neutral regions in the absorbing medium. Given that the SDSS spectra of these objects cover wavelengths no shorter than 1,700 Å in their rest frames, the high-ionization lines (C iv, Si iv and N v doublets, and so on) are all missing. Hence, we know little about the highly ionized region in the absorbing medium, or about any possible relationship between the redshifted H i* Balmer and He i* broad-or mini-broad-absorption-line systems and the most common high-ionization broad-absorption-line systems (whether redshifted or blueshifted).
J1035 + 1422 is also listed in our catalogue of redshifted H i*/He i* broadabsorption-line quasars, showing the largest width of absorption troughs therein. The multiple archival and our follow-up spectroscopic observations have ensured a wavelength coverage from C iv λλ1,548, 1,550 to He i* λ10,830. Therefore, both high-and low-ionization lines can be measured, and the absorbing gas along the line of sight could be explored further. Below we present a detailed analysis of the broad-absorption-line systems in J1035 + 1422, and characterize their roles in the theoretical scheme of the quasar structure. Optical and near-infrared observations and data reduction. The BOSS spectrum for J1035 + 1422 was observed on 24 March 2012 with an exposure time of 4,500 s. We conducted a follow-up campaign aiming at this object with the intermediate-resolution DoubleSpec and TripleSpec spectrograph equipped on the Palomar 200-inch Hale telescope in the optical and near-infrared. The DoubleSpec data were obtained on 23 April 2014 with a total exposure of 4 × 500 s, and the TripleSpec data were acquired on 13 March 2017 with a total exposure of 12 × 120 s. An archival broadband optical-to-infrared spectrum is also available, which was obtained by the Very Large Telescope (VLT)'s X-shooter on 6 December 2014 through European Space Observatory (ESO) programme 094.A-0087(A), with a spectral resolution, R ≡ λ/Δλ, of about 10,000. The total exposure time was roughly 2,400 s. We followed the standard procedure in reducing the raw data, using the Image Reduction and Analysis Facility (IRAF; http://iraf.noao. edu/) and the IDL SpexTool package 30 . The Catalina (http://nesssi.cacr.caltech. edu/DataRelease/) monitoring of J1035 + 1422 shows negligible variability in the V-band during a period of eight years (9 April 2005 to 26 October 2013). Thus we combined the relatively low resolution BOSS and DoubleSpec/TripleSpec data, and used the combined spectrum to calibrate the X-shooter échelle spectrum. The broad-absorption-line troughs are clearly resolved in the X-shooter spectrum. The central engine. Although the rest-frame ultraviolet-through-optical to near-infrared colour of J1035 + 1422 is the bluest in the sample of quasars with redshifted H i* Balmer and He i* absorption lines, it is obviously redder than that of normal optically selected quasars. Using the SDSS quasar composite spectrum 31 reddened with the Small Magellanic Cloud type extinction curve 32 to match the flux in the absorption-free windows in the rest-frame ultraviolet band, we found E(B −V) ≈ 0.12 mag, implying a substantial amount of dust reddening.
We estimate the mass of the central black hole using the Hα broad-emissionline width and the rest-frame optical luminosity, and adopting the radiusluminosity scaling relation 22 . The monochromatic luminosity at 5,100 Å in the quasar's rest frame, L 5,100 ≡ λL λ (5,100 Å), is derived using the measured flux f λ at 5,100 Å and assuming a cosmology with the present-day Hubble constant, H 0 = 70 km s −1 Mpc . The sizes of quasar accretion disks are difficult to determine, and they are generally thought to be of the order of several hundred to a few thousand gravitational radii. Theoretical models assume the self-gravity radius R sg ≈ 6.04 × 10
(L bol /L Edd ) 4/9 to be a natural outer-disk boundary, where the vertical component of the central gravity is balanced by the self-gravity of the disk; α ≈ 0.01−1 is the viscosity parameter; and η ≡ L bol /M • c 2 ≈ 0.057-0.42 is the accretion efficiency 23 . Beyond this boundary the disk becomes gravitationally unstable and starts to fragment into clumps, forming gaps that prevent efficient mass accretion. We estimate a self-gravity radius, R sg , of approximately 140R g in J1035 + 1422 with α = 0.3 and η = 0.1. Observationally, the outer radius of the accretion disk, R out , can be well modelled in a few per cent of quasars with double-peaked emission-line profiles. For some of those with estimated self-gravity radii similar to that of J1035 + 1422 (within a factor of two; namely 3C 332, Pictor A, 3C 17, Arp 102B and 3C 390.3), their modelled outer disk radii [33] [34] [35] fall into R out values of roughly 540−1,300R g . We thus consider the outer disk radius of J1035 + 1422 to lie somewhere between a few hundred to around 1,000 gravitational radii. Broad-absorption-line systems. Redshifted broad-absorption-line troughs can be identified easily for various transitions, including the H i* Balmer series, the metastable He i* λλ3,188, 3,889, 10,830 multiplets, C iv λλ1,548, 1,550, Al iii λλ1,854, 1,862, and Mg ii λλ2,796, 2,803 doublets. For He i* λ10,830, C iv and Mg ii, separate and blueshifted troughs are also clearly observed, while for Al iii doublets with a larger wavelength interval between the two transitions, the blueshifted broadabsorption-line trough only extends smoothly bluewards. For H i* Balmer lines and other weaker He i* lines, no evident blueshifted absorption has been detected.
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Furthermore, comparing the spectra with the SDSS quasar composite, we find that considerable rest-frame ultraviolet flux is absorbed by Fe ii between rest frames 2,000 and 2,800 Å, and wavelengths straddling rest frame 1,600 Å. Owing to the numerous line transitions at these wavelengths, the absorption troughs overlap greatly with each other, rendering it impossible to identify the profile of any individual broad absorption lines. Measurement of redshifted broad absorption lines. The redshifted H i* Balmer broad-absorption lines, from Hα to Hϵ, can be readily identified on the observed spectrum of J1035 + 1422, with absorbing troughs within the velocity range of roughly 0 to 5,000 km s −1 (with respect to the quasar's rest frame) determined accurately by narrow emission lines, including [ should also be present, but it is heavily blended with He i* λ3,889. We use the pair-matching method to recover the absorption-free spectrum 15, 37 of J1035 + 1422. The underlying assumption is that if the spectrum of a non-absorption quasar resembles the spectrum of a given broad-absorption-line quasar in the absorption-free portions, they are intrinsically similar, and the non-absorption quasar then provides a good approximation of the unabsorbed flux striding over the broad-absorption-line troughs. We chose non-absorption quasars from the BOSS quasar catalogue, and fit the spectra with that of J1035 + 1422. The wavelength ranges affected by broad-absorption-line troughs (with velocity shift, v, values between around 0 and 5,000 km s −1 for the above-mentioned Balmer lines) are masked out during the fit. If the reduced χ 2 is less than 1.5, we consider it an acceptable match. The mean spectrum of all accepted non-absorption quasar spectra is used as the unabsorbed template, and the variance is used to estimate the uncertainty of the template.
From the spectra normalized using the template, we can derive the local covering factor and the optical depth for the redshifted Balmer broad-absorption-lines as a function of the velocity shift v as follows:
where I(v) is the normalized flux, C f (v) is the local covering factor, τ(v) is the optical depth and f is the oscillator strength. In practice, because of the relatively broad widths of the absorption troughs and the diversity of the profiles that the emission lines may have, the pair-matching and the profile extraction are performed iteratively: an initial guess for the red wings of the emission peaks is used as a rough estimate for the absorption profiles. On the basis of the absorption corrected spectra derived by using these profiles, a more realistic template can be further achieved. This procedure continues until a set of self-consistent emission template and absorption profiles is finally obtained. The resulting template for H i* Balmer emissions is plotted in Fig. 1 . It shows clearly that the depth of the apparently unsaturated Hα trough is not substantially larger than the Hβ trough. This is hard to explain from the large absorption strength ratio, λf ij , of 7.26 between Hα and Hβ, unless we assume that the absorbing medium obscures only part of the background continuum source, and leaving the emission-line region entirely unobscured. We adopt this assumption here so that the normalized flux used in Equation (1) is evaluated by removing the emission lines of the template and dividing the residual spectrum by the continuum. The resulting local covering factor and true optical depth as a function of velocity shift are plotted in Extended Data Fig. 4 . S of the same absorbing gas is measured using He i* λ3,889, given that the broad absorption lines of the He i* multiplets and H i* Balmer series are found to share the same absorption profile. (In fact, we find that the normalized spectrum of the redshifted He i* λ10,830 line, which is deemed to be fully saturated, can be well described by the profile of the local covering factor, C f (v), derived from Balmer absorptions; . The absorption troughs of metal lines in the range of approximately 1,500 to 3,300 Å relative to the quasar's rest frame, including C iv, Al iii, Fe ii, Mg ii and so on, are hard to characterize. Both the ultraviolet Fe ii and the redshifted absorption doublets of those alkaline-like metal ions show greatly overlapping troughs. Moreover, with blueshifted absorptions present for at least C iv, Al iii and Mg ii, the absorption-free windows in the rest-frame ultraviolet band are too limited to reveal the unabsorbed flux through the pair-matching method. The initial fitting using the SDSS quasar composite suggests that the spectra around rest frames 1,500 Å, 1,600 Å, 1,960 Å, 1,980 Å and 3,100 Å are minimally affected by absorption, consistent with our understanding of the wavelength distribution of Fe ii multiplets. Photoionization models of redshifted broad-absorption-line inflow. The primordial model. Given that all gaseous medium is in the vicinity of the central black hole, the ionization state of the inflowing gas giving rise to the redshifted absorption-line system must be dominated by the radiation from the central engine. To estimate the physical conditions, we used CLOUDY to simulate the physical processes in the medium. The simplest model is a slab of gas with a uniform density and chemical composition, irradiated directly by the central continuum source. Such primordial models can be fully described by using parameters including n H , N H and U at the inner (illuminated) surface, the abundance of elements, and the spectral energy distribution of the incident radiation. The CLOUDY models use these parameters and output the column densities of various ions observed in absorption lines. Comparing the output with our measurements, we can assess which values of the model parameters are reasonable.
A typical active galactic nucleus (AGN) continuum is used as the incident spectral energy distribution; this distribution is a combination of an ultraviolet bump described as a function of frequency, v, as v α UVexp(−hv/kT BB )exp(−kT IR /hv) and the power law ∝v α x . The ultraviolet bump is parameterized by an ultraviolet power-law index of α UV = −0.5, and an exponential cut-off with a temperature of T BB = 1.5 × 10 5 K at high energy and kT IR = 0.01 Ryd in the infrared (k is the Boltzmann constant). The power-law component has an index α X = −2 beyond 100 keV, and −1 between 13.6 eV and 100 keV. The overall flux ratio of X-ray to optical is α OX = −1.4.
For the absorption gas with given n H and U, the model can give a specific value of N H with which the theoretical S) values best match the measurements. The differences between the theoretical values based on this optimal N H and the measurements allow us to evaluate a 'probability density' for the optimal N H , the differences are far beyond the measurement uncertainties, the given n H and U appear rather impossible. In Extended Data Fig. 5a , we plot the distribution of this 'probability density' as a function of density n H and distance d inflow (in units of R g ) from the central black hole. The distance d inflow is derived as
, where L(λ < 912 Å) is the ionizing luminosity of the continuum source and λ < E ( 912 Å) ph is the average energy for all ionizing photons. The zone with high probability density is a narrow and curved belt with d inflow between 35R g and 4,000R g , and n H between 10 8 cm −3 and 10 10.5 cm -and thus we would expect τ Civ (v) to be greatly in excess of 1 throughout the redshifted absorption trough. However, these predictions do not seem to agree with observation. Although the metal lines cannot be measured as straightforwardly as either the H i* Balmer or the He i* lines, an alternative strategy can be used to evaluate whether the predicted values are consistent with observation. Considering that C iv absorption has the same τ(v) and C f (v) profile as He i* absorption, we present in Extended Data Fig. 6a the model , in which case τ C iv(v) is more than 1 throughout the redshifted absorption trough, the recovered C iv emission line peak seems to behave abnormally, contrasting with the smooth appearance and the consistency with the best-fit composite if the column density is about 10 16 cm
. Accordingly, we believe that the most possible value for ). Post-C 3+ -region models. Detailed investigations of the ionization structure of the primordial models reveal that C 3+ ions-which are created by ionizing photons with hv values of more than 47.9 eV-tend to arise in the region in front of the H i region. Beyond the C 3+ region, with high-energy photons exhausted, high-ionization ions (C 3+ , Si 3+ and so on) are negligible, and low-ionization ions and neutral atoms (for example, Mg + and H 0 ) become dominant (Extended Data Fig. 7a ). It is therefore more reasonable to use the region lying behind the C 3+ region (the 'post-C 3+ region' for short) in the primordial models to estimate the physical conditions and environment of the observed inflow, rather than using entire primordial models. Now, still using the primordial setup for photoionization simulations, for a gaseous slab with given n H and U, we try to find whether there is a pair of N H values for gas between which the simulation predicts Letter reSeArCH 'probability density' is estimated in the same way with
included. As shown in Extended Data Fig. 5b , the zone corresponding to high 'probability density' moves downwards, with smaller n H values between 10 7 and 10 10 cm −3
. The 'probability density' now presents a bimodal distribution peaking at n H ≈ 10 7 cm −3
and d inflow ≈ 2,000R g , and n H ≈ 10 9.5 cm −3 and d inflow ≈ 100R g , respectively. Further constraints can be introduced using another prominent absorption feature, the UV Fe ii multiplets. The Fe + ion presents the largest number of levels of all metal ions that are abundant in astrophysical gaseous medium. Following the strategy of recovering absorbed flux according to the simulations' prediction (as for C iv), UV Fe ii can reveal more information about the absorbing medium than can Mg ii and Al iii doublets, which originate from single levels and are saturated in our case. The result strongly favours a 'probability density' peak around n H ≈ 10 7 cm −3
. In Extended Data Fig. 6b , we plot the recovered flux of the UV Fe ii bump between rest frames 2,000 and 2,700 Å, using the models of high probability shown in Extended Data Fig. 5b (log[n H (cm   −3 )] = 7, 7.5, 9 and 9.5). We consider the lowest 371 levels of Fe + and the lowest 15 levels of Cr + and Ni + . While the n H = 10 9.5 cm −3 model suggests no contribution from UV Fe ii absorption at all, the n H = 10 7 cm −3 model predicts saturated absorptions for not only transitions of UV Fe ii 1, 2 and 3 multiplets at around 2,300 and 2,600 Å from the ground term, but also transitions from excited levels. The best-fit composite (blue dashed curve in Extended Data Fig. 6b) is consistent with the models with log n H (cm ) values of approximately 7−7.5. Therefore, considering the Fe ii absorption, we can definitely rule out the models around the upper-left 'probability density' peak at log n H (cm −3 ) = 9.5 in Extended Data Fig. 5b . The distribution of the updated 'probability density' P′ = P × P UVFe ii is plotted in Fig. 3 , where P UVFe ii is estimated using the χ 2 of the model corrected for the UV Fe ii bump. The high 'probability density' is now restricted to a small area around log[n H (cm
Radiative pressure on the inflow. The radiative pressure of an electromagnetic wave is P rad = I f /c, where I f is the energy flux. Therefore, given a radiation field at the inner and outer surfaces of the modelled inflow, we can estimate the radial force on the inflow resulting from the radiative pressure as F rad /s inflow = P rad,incid + P rad,reflec − P rad,trans − P rad,diff , where s inflow is the irradiated area of inflow, and P rad,incid , P rad,reflec , P rad,trans and P rad,diff are the pressures of incident, reflected, transmitted and outwards diffuse emitting radiation, respectively. For the best inflow model, the outward radiative force amounts to only around 1.2−1.9% of the gravitational force; the uncertainty here comes mainly from different assumptions of the angular distribution of reflected and diffuse emitting radiation.
If the gravitational force and the radiative resistance are the only forces exerted on the inflow, the motion will be approximately freefall. According to the present estimated distance and kinetic energy of the inflow, we find that the radial velocity equals zero at a distance of about 1.5 pc or 1,500R g . This is similar to the dust sublimation radius R sub ≈ 2,000R g estimated using the observed luminosity 38 of J1035 + 1422, suggesting that the inner surface of the dusty torus is a natural embarkation point of the inflow. Mass flux rate of the inflow. The simplest picture of the inflow detected in redshifted broad absorption lines is discrete clouds. In this picture, the mass inflow rate can be estimated as
, where µ ≈ 1.4 is the mean atomic mass per proton, m p is the mass of a proton, f f is the local filling factor, Ω inflow is the unknown global covering factor of the inflow structure (the fraction of sky seen from the central engine covered by inflowing gas clouds), and
inflow in is the infalling timescale. Using the optical depth τ(v)-weighted mean of C f (v) and v in equation (1) as f f and v in , respectively, we have
. If the inflow originates from the inner surface of the dusty torus, we expect Ω inflow to be comparable to, or slightly less than, the global covering factor of the torus, Ω torus , approximately 0.6. We conservatively estimate the inflow mass flux as
where h is the height of the inflow layer at a distance d inflow ; l is the length along the line of sight; and v 0 and v 1 are the observed minimum and maximum radial velocities, respectively, in the redshifted trough. The result is
, with i in equalling approximately 45°. However, given that only the medium in the line of sight is detected, the entire structure of the inflow and its configuration relative to the accretion disk and torus remain to be explored. Blueshifted broad-absorption-line outflow as shielding medium. Spectralenergy-distribution-constrained blueshifted broad-absorption-line outflow model. Using the post-C 3+ region in primordial photoionization models to explain the physical conditions of inflow in J1035 + 1422, we suggest that the radiation illuminating the inflow is very different to the original radiation from the central engine. In Extended Data Fig. 7c , we show the transmitted spectral energy distribution passing through the C 3+ region of the primordial model with logU = 0.5 and log[n H (cm −3 )] = 7. The most prominent difference is the absence of photons with hv values of more than 48 eV (λ < 260 Å). This spectral energy distribution may be a good approximation of the actual incident radiation illuminating the inner surface of the inflow.
The difference between the typical quasar spectral energy distribution and the spectral energy distribution required by the inflow model is so great that we have to postulate that there is some kind of shielding gas obscuring the central engine, as seen from the inflow (this suggestion is preferable to the alternative assumption that the central engine of our object is intrinsically abnormal). With respect to absorbing high-energy photons, the shielding gas is equivalent to the C 3+ and pre-C 3+ regions (the region in front of the C 3+ region, where even-higher-ionization ions dominate) in the primordial models.
The blueshifted broad absorption lines consisting of C iv, Al iii, Mg ii doublets and He i* λ10,830, tracing a massive outflow, present a good candidate for the shielding gas. The absence of H i* Balmer absorptions in the blueshifted broadabsorption-line system suggests that the outflow is more highly ionized than the broad-absorption-line inflow, and thus is probably closer to the central engine than the latter. In addition, the residual flux under the blueshifted C iv* trough approach zero at the deepest point, indicating that the absorber fully covers at least the inner part of the continuum source along the line of sight. Therefore, as seen from the inflow, the object appears to be a blueshifted low-ionization, broad-absorption-line quasar.
Broad-absorption-line quasars are known to be weak in the soft X-ray band 39 owing to strong absorption 40 . The X-ray flux of our inflow-illuminating radiation is also expected to be heavily depressed. The quantity Δα OX = α OX (observed)−α OX is often used to characterize the X-ray weakness of the broad-absorption-line quasars in a sample compared with non-broad-absorption-line quasars, where α OX (observed) is the logarithm of the ratio between the observed monochromatic luminosities L v at 2 keV and 2,500 Å, and α OX is the same quantity for a typical non-broad-absorption-line quasar 41 . The X-ray depression is more severe in low-ionization-broad-absorption-line quasars than in high-ionization ones, because the subsample of low-ionization-broad-absorption-line quasars has systematically smaller Δα OX values 42 . We plot the predicted flux depression at 2 keV in Extended Data Fig. 7c , assuming average values of Δα OX for high-ionization (green cross) and low-ionization (orange cross) broad-absorption-line quasar samples. The anticipated inflowilluminating flux is even lower than the average value for a low-ionization-broadabsorption-line quasar sample. However, because most broad-absorption-line quasars remain undetected in X-rays as yet, these 'average' values are likely to be some kind of upper limit.
Further quantitative analysis suggests that, for the post-C 3+ inflow model, the transmitted spectral energy distribution of any gaseous plate with the same U and N H values as the pre-C 3+ and C 3+ regions associated with the post-C 3+ inflow can match the incident spectral energy distribution required by the inflow. For example, in Extended Data Fig. 7b we present the shielding gas model with logU = 0.5, log[n H (cm −3 )] = 9.5 and log[N H (cm −2 )] = 23.5, through which the transmitted spectral energy distribution matches the incident spectral energy distribution required by the inflow model with log[n H (cm )] = 23.56. Because U is fixed, the denser the shielding gas is, the closer it is to the central engine. In the given example, as n H for the shielding gas model is 2.5 orders of magnitude larger than in the inflow model, the corresponding outflow is inferred to be much closer to the central engine, at roughly 82R g .
Comparison of models with observations. The above models seem to be inconsistent with our measurements of the blueshifted broad-absorption-line system. Because the blueshifted C iv absorption trough is saturated, we can only derive rather the loose constraint that ) than that estimated from the redshifted C iv broadabsorption-line trough. b, To resolve this problem, only the region beyond the C 3+ region (the 'post-C 3+ region') in the primordial models is used to describe the inflow gas, and probability density is recalculated by including C iv. The results of these refined model calculations are shown here. The probability density shows two peaks around n H ≈ 10 7 cm −3 and d inflow ≈ 2,000R g , and n H ≈ 10 9.5 cm −3 and d inflow ≈ 100R g (see also Fig. 3 ). ≈ 10 16 cm −2 predicts unabsorbed flux that is reasonably consistent with the composite spectrum, and is thus adopted. b, Absorption-corrected UV Fe ii spectra between 2,000 and 2,750 Å for the post-C 3+ inflow models with n H = 10 7 cm −3 (red), 10 7.5 cm −3 (yellow), 10 9 cm −3 (green), and 10 9.5 cm −3 (violet) in the high 'probability' zone of Extended Data Fig. 5b . The error bars on observed flux are 1σ uncertainties. Compared with the best-fit composite (blue dashed line), the models with higher densities can be clearly ruled out. in the redshifted broad absorption line. An alternative solution is that the inflow in fact corresponds to the grey area, which is gas behind the C 3+ region (the light green area, where C 3+ and other high-ionization ions dominate). In such a picture, the outflow is suggested to play an equivalent role to the C 3+ region in this panel in eliminating high-energy ionizing photons. b, Plot of the ionization structure for an outflow with n H = 10 9.5 cm −3 and U = 10 0.5 . The requirement for transmitted radiation (which should have the same spectral energy distribution as the incident radiation on inflow) could constrain the thickness of outflow model. The outer surface of this model (red dashed line) coincides highly with the extension of the C 3+ region. However, N col (He 0 2 3 S), measured using the blueshifted He i* λ10,830, defines a thinner outflow gas (blue dashed line) if we assume that the local covering factor, C f , is wavelength independent. c, The transmitted spectral energy distributions through the spectral-energydistribution-constrained outflow and the N col (He 0 2 3 S)-defined outflow are plotted. The former (red) naturally coincides with the incident spectral energy distribution for the inflow model, while the latter (blue) shows considerable excess in soft X-ray, which would result in a much larger in the inflow than the measurement. d, Transmitted spectral energy distributions through a N col (He 0 2 3 S)-defined outflow model with n H = 10 9.5 cm −3 , U = 10 0.5 and different metallicities. The spectral-energy distribution depends sensitively on the metallicity. As the metallicity increases from 1Z  to 10Z  , the transmitted spectral energy distribution seems to match the incident spectral energy distribution required by the inflow model, suggesting that a metal-rich outflow model could explain the measurement in both the redshifted and the blueshifted broad-absorption-line systems.
